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I. INTRODUCTION 



The quantum corrections to 
calculated by different methods 



;he black hole solutions are of current interest and have been 

1- 



^ . String theory, loop quantum gravity and noncommuta- 
tive geometry show that in the entropy-area relation the leading order correction should be of 
log-area type J-15|. On the other hand, generalized uncertainty principle (GUP) and mod- 
ified dispersion relations (MDRs) provide perturbational framework for such modifications 
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20|. In the present paper, we use quantum tunneling approach over semiclassical approx- 



imations to calculate the quantum corrections to the Hawking temperature and entropy of 
black hole solutions. In a recent work 2l|], we have calculated such quantum corrections for 
a Braneworld black hole corresponding to the solution presented in 22]. Here, we calculate 
the quantum corrections to the Hawking temperature and ent ropy of black hole solutions in 
an asymptotically safe gravity theory with higher derivatives 



II. HAWKING ENTROPY- AREA RELATION 



To calculate the corrections to the entropy and temperature of a black hole, we use the 
Hamilton- Jacobi method to compute the imaginary part of the action outside the semi- 
classical approximation admitting all possible quantum corrections . The expression of 
quantum correction of a general function S{r, t) expanded in the series in powers of H is {2^ 



Sir, t) = So{r, t) + hSiir, t) + h'S2{r, t) + . . . = So{r, t) + KSi{r, t). 



(1) 



Here 5*0 is the semiclassical entropy while the remaining terms are the higher order correc- 
tions to Sp. On the considerations of dimensional analysis, the above expression ([1]) takes 



the form 



S{r, t) = So{r, t) + J2 ]^^o(r, t) = So{r, t) (l + 



(2) 



where M is the mass of the black hole and a's are the correction coefficients. The modified 
form of the temperature of the BH can be written as 



24| 



(3) 



where Th is the standard semiclassical Hawking temperature and the terms with ai are 
corrections due to quantum effects. If we consider ctj in terms of a singular dimensionless 



parameter /3 such that = /3* then we have 

i 

On comparing (jlj) with ([3]), we obtain 



Motivated by a recent work 



231, we use the static spherically symmetric spacetime 



asymptotically safe high-derivative gravity 



fir) 



where 



f{r) = 1 Gn + —tGU. 



r 



The black hole temperature is 



J-H = n— \r=r, = n ^ (1 



4:71 ^ Tg V 



Here rg = 2GnM is the event horizon of the black hole. 



M2. 

Making use of the first law of thermodynamics, the semiclassical entropy is given by 

J Th h J 2r,-3^ 
Using the differential of mass in (ITTj) . we get 

An 

hGN j 2re - 3^' 



4:71 r 



The above integral gives 



7r . 3 ~ _ , ~n. 
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Assuming A is the area of the event horizon, 

A = j y/g^^dx^dx^ = inrl (14) 



Thus ( fT3|) can be written as 

Thus we obtain the Hawking entropy-area relation for the black hole under consideration. 



A. Hawking Temperature Corrections 

In this section, we find the correction to the Hawking temperature as a result of quantum 
effects for the black hole. The expression for the semiclassical Hawking temperature, ([8]) 
turns out to be 

--^(-^> (-) 

The corrected temperature, from ^ turns out 

Using ( IT6l) and ( ITTl) . we obtain the quantum correction for the temperature 



B. Entropy Corrections 

Here we calculate the quantum corrections to the entropy of the black hole. In terms of 
the horizon radius, the corrected form of the entropy ([2]) is given by 

i ^ 

and similarly the corrected form of the Hawking temperature can be written as 

Again using the first law of thermodynamics, 

S-i^S'-Y."-^yM, (21) 
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which can be written in expanded form as 

1 f aih{2GNf 

ThtI 



7^dM + 
Th 

h + h + h- 



dM 



a2n\2GNy 



■dM + ... 



(22) 



where the first integral /i has been evaluated in (1151) and I2, I3, ■ ■ ■ are quantum corrections. 
Thus, 

I2 = 2'^'n-aihGiy 



dr.-. 



and 



In general, we can write 



J3 = 2^T:a2h^G^ 



N 



ik = 2 nak-ih G 



2re - 3e 

dre 
r2(2re-3|) 



dr^ 



rf-\2r, - 30 

Therefore, the entropy with quantum corrections is given by 



(23) 
(24) 

(25) 



S 



/ -^^~dr^ + 2\a^hG^ [ + ^''nak^.h'-'Gl'-' [ 

hG^J 2re-3e >^ 2re-3e ^ J 



dvp 



-4(2re - 30 
(26) 



3 2 , , 3^, 
^ + ^ln 2-^ 



After the integrals are evaluated, (126|) takes the form 

S ^ y^rl + -^r^i+2'a,hGj,H2r^ - 30 + ^L^3^^ 

92fc fcfc-1^2fc-3 5-2fc , 9 , 

The expression can be written in terms of the area A, using f|T^ . as follows 



(27) 



S 



3V47r 



lln(2-3^^^^^ 



fc>3 



aQk-15) 



Fi 5-2A;, 1,6-2A:, 



2VA \ 
3v^|^' 



(2^ 



where 2-^"! is the hypergeometric function. Clearly the first two terms in the above expansion 
is the usual Hawking entropy-area relation f lTSj) . The third term is the leading term which 
is logarithmic as has been found earlier for other geometries using different methods 
The higher order corrections are combinations of hypergeometric functions. 



15|. 
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III. CONCLUSION 



There are several approaches such as string theory, loop quantum gravity, noncommu- 
tative geometry, modified dispersion relations and generalized uncertainty principle to find 
quantum gravitational corrections of black hole entropy-area relation. In this paper, us- 
ing the quantum tunneling approach over semiclassical approximations, we have studied 
the quantum corrections to the thermodynamical quantities like Hawking temperature, en- 
tropy and Bekenstein-Hawking entropy-area relation of a black hole in an asymptotically 
safe gravity with higher derivatives. The first two terms are the semiclassical entropy-area 
relation, while the third term is the leading logarithmic term. The higher order corrections 
involve the inverse of the square root of area term and are combinations of hypergeometric 
functions. 



Acknowledgment 

This work has been supported by "Research Institute for Astronomy and Astrophysics 
of Maragha (RIAAM)", Iran. 



R. Banerjee and S. K. Modak, JHEP 05 (2009) 063. 

R. B. Mann and S. N. Solodukhin, Phys. Rev. D 54 (1996) 3932. 

M. Akbar and K. Saifullah, [arXiv: gr-qc/1002.3581]; [arXiv: gr-qc/1002.3901]. 



G. Amelino-Camelia et al, arXiv:gr-qc/0506110 vl. 



G. Amelino-Camelia et al, Int. J. Mod. Phys. D 13 (2004) 2337. 

G. Amelino-Camelia, Nature 410 (2001) 1065. 

J. Magueijo and L. Smolin, Phys. Rev. D 67 (2003) 044017. 

G. Amelino-Camelia, Int. J. Mod. Phys. D 11 (2002) 35. 

A. J. M. Medved and E. C. Vagenas, Phys. Rev. D 70 (2004) 124021. 

M R Setare, Phys. Lett. B 573 (2003) 173. 

M R Setare, Eur. Phys. J. C33 (2004) 555. 

M R Setare, Phys. Lett. B 612 (2005) 100. 

A. Larranaga, Commun. Theor. Phys. 55 (2011) 72. 



7 



[14] A. Larranaga, [arXiv: gr-qc/1002.3416]. 
[15] S. K. Modak, Phys. Lett. B 671 (2009) 167. 
[16] M R Setare, Phys. Rev. D 70 (2004) 087501. 
[17] M R Setare, Int. J. Mod. Phys. A 21 (2006) 1325. 

[18] K. Nozari and A. S. Sefidgar, Phys. Lett. B 635 (2006) 156; Gen. Rel. Grav. 39 (2007) 501. 
[19] A. S. Sefiedgar and H. R. Sepangi, Phys. Lett. B 692 (2010) 281. 

[20] A. Farmanya, S. Abbasia and A. Naghipoura, Acta Physica Polonica. A 114 (2008) 651. 
[21] M. Jamil, F. Darabi, Int. J. Theor. Phys. 50, (2011) 2460. 

[22] N. Dadhich, R. Maartens, P. Papadopoulos, V. Rezania, Phys. Lett. B 487 (2000) 1. 
[23] Yi-Fu Cai and D.A. Easson, JCAP (2010) 1009:002. 
[24] R. Banerjee and B.R. Majhi, JHEP 06 (2008) 095. 



